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PRE-NORTH HORN OROGENY IN GUNNISON PLATEAU, UTAH' 
BENJAMIN H. BURMA AND CLYDE T. HARDY* 
Lincoln, Nebraska, and Logan, Utah 
This paper presents evidence for the post-Price River and pre-North Horn 
orogeny, in the Gunnison Plateau of central Utah (Fig. i), and shows its mag-
nitude. The first definite evidence of such a movement was found by C. T. Hardy 
in 1951, although it had been suggested previously, without definite evidence, by 
Gilliland (1949, 1951). 
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FIG. I.—Index map of central Utah. 
' Manuscript received, October 17, 1952. 
" University of Nebraska and Utah State Agricultural College. 
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5SO GEOLOGICAL NOTES 
The chief area studied was the eastern front of the Gunnison Plateau from 
Wales Canyon, west of Wales, Utah, southward about 3 miles. This area had 
received little detailed study previously, Spieker (1949) discussed its general 
features but did not recognize the unconformity here described. The writers spent 
several days of intensive study in the area and the surrounding region in the sum-
mer of 1952. This work, in addition to previous reconnaissance, resulted in the 
conclusions here presented. 
Twist Gulch formation.—The Twist Gulch formation, of Upper Jurassic age, 
is the oldest stratigraphic unit which crops out in the area. It underlies the entire 
area and is characterized by chocolate-red-brown siltstones and sandstones. 
Morrison{?) formation.—Beds assigned to the Morrison(?) formation, in the 
area studied, consist chiefly of sandstone and siltstone which exhibit a distinctive 
flaming orange-red color. Smaller amounts of white sandstone, conglomerate, 
and purple to lavender and varicolored sandstones and siltstones are also present. 
The exact age of these beds is not known. They may be Upper Jurassic, as the 
type Morrison, or Lower Cretaceous. The Morrison(?) is everywhere conformable 
with the Twist Gulch formation, so far as known, but may be missing by erosion. 
Indianola group.—Only a featheredge of the Indianola group of Colorado 
(Upper Cretaceous) age is present in the area, although the maximum thickness 
in the eastern part of the Gunnison Plateau is 1,000 feet. Ordinarily much less 
is exposed because of subsequent folding, erosion, and overlap by later formations. 
The Indianola is characterized by thick-bedded sandstones and conglomerates 
with interbedded red sandstones and siltstones. It ordinarily rests on the Mor-
rison(?) with apparent conformity, but the different thicknesses of Morrison(?) 
beneath it and the apparent absence of the Morrison(?) in the vicinity of South 
Freedom Canyon, 3J miles north of Wales Canyon, indicate the presence of a 
disconformity between the two units. 
Price River formation.—The Price River formation of late Montana (Upper 
Cretaceous) age is primarily a cliff-forming sandstone and conglomerate. The 
pebbles in the conglomerate are composed chiefly of quartzite and sandstone. 
The sandstone pebbles are mostly light brown and white. The conglomerate 
"reef" extending from Freedom Canyon, near Freedom, Utah, to "Termination" 
Canyon at the south end of the "reef" near Wales, Utah, represents this forma-
tion. It is absent from the rest of the area for reasons discussed later. Stratigraphi-
cally above the prominent "reef," near Wales and "Termination" canyons, are 
100-200 feet of gray sandstones and siltstones with some red and lavender sand-
stone and siltstone. These beds are lithologically like the North Horn formation 
and in the past have been assigned to it. As the writers believe that these beds 
are actually overlapped by the basal North Horn, they here refer them to the 
Price River. Their lithologic character, except for the highly colored beds which 
seem to be a local occurrence, is rather similar to the upper part of the Price 
River due west across the Gunnison Plateau. 
North Horn formation.—The North Horn formation in the area here described 
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FIG. 2.—Geologic map of part of eastern front of Gunnison Plateau, Utah. 
consists of three rather well defined units. The lowest is largely restricted to the 
area north of Peach Canyon, about 2 miles south of Wales Canyon, and consists 
of red sandstones and siltstones, probably fluviatile, with interbedded white to 
gray sandstones and siltstones. These light-colored beds become more abundant 
toward the top so that the lower unit grades into the middle unit. South of Peach 
Canyon, however, the lower unit is mostly thick-bedded brown sandstone. The 
middle unit consists mostly of gray shale, except south of Peach Canyon where it 
also grades into brown sandstone and conglomerate. A coal bed, associated with 
oil shale and limestone, occurs near the middle of this unit and extends the length 
of the area. The upper unit extends across the entire area and maintains more 
or less uniform thickness. It contains somewhat more silt north of Peach Canyon 
than south. Both the middle and the upper unit appear to be lacustrine and the 
two units intergrade. No direct evidence is available concerning the age of the 
North Horn in this area, but it is probably about the same age, or perhaps slightly 
younger than the North Horn of the type area. The type North Horn spans the 
uppermost Cretaceous and lower Paleocene. 
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The unconformity at the base of the North Horn has the greatest physical 
magnitude of any in the area. At the beginning of North Horn time, topographic 
relief on the order of 2,000-2,500 feet existed between Wales Canyon and Dry 
Canyon, about 8 miles south. Sedimentation gradually overlapped this surface 
until the Flagstaff limestone was deposited uniformly across the area. 
Flagstaff limestone.—The North Horn formation grades upward into the white 
limestones and gray shales of the Flagstaff limestone of Paleocene-lower Eocene 
age which extends uniformly across the area. 
Price River-North Horn orogeny.—In addition to the great unconformity at 
the base of the North Horn, thrusting of considerable displacement occurred in 
post-Price River and pre-North Horn time (Fig. 2). The abrupt disappearance 
of the Price River formation just south of "Termination" Canyon, which has been 
one of the long-standing puzzles of the area (Spieker, 1949, p. 73), is the result of 
the Price River being cut out by a thrust which brings the Morrison(?) strati-
graphically above the Price River. This fault dips about 75° SW., but originally 
must have been a low-angle thrust fault which has since been tilted to its present 
position by the post-Middle Eocene movement that overturned the Price River 
formation in the "reef" so that it now dips 75°-8o° E. On the south the fault is 
nearly horizontal, at some places, as is evident on the south side of the second 
canyon south of Coal Canyon. On the north side of "Termination" Canyon, the 
fault may be traced southward for more than 2 miles to its disappearance be-
neath alluvium. In addition, a series of thrusts appears west of the main thrust 
between Coal and Peach canyons. The westernmost of these separates beds of 
Jurassic age and the North Horn, and it is probably the result of movement 
that overturned the Price River formation in the "reef." The others are probably 
pre-North Horn. 
Various lines of evidence, notably drag folds under the main fault, indicate 
that movement along the faults was generally east to west. The thrust sheets are 
not connected to their area of origin in the mapped area and are therefore klip-
pen. Thus the first fault west of the main thrust fault, between the first and second 
canyons south of Coal Canyon, surrounds a klippe of the Twist Gulch formation 
resting on the Morrison(?). The basal fault of the klippe has been folded into a 
nearly isoclinal syncline. The other two thrusts, which are considered pre-North 
Horn, west and south of this klippe, seem to be branches of the main fault. No 
direct evidence is available for the direction of movement on these faults, but it 
is assumed that like the main fault it was east to west. 
The structure within the thrust sheets is extremely complex. The beds have 
been overturned and locally inverted. Synclines which have been rotated 180° 
so as to resemble anticlines are among the more simple structures present. 
The displacement of these faults can not be estimated since their point of 
origin is at the east beneath the alluvium of San Pete Valley. The minimum total 
displacement, however, is definitely greater than 5 mile and can hardly be less 
than 2 miles. This suggests a full-fledged orogenic episode and not merely a small 
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local movement. Nevertheless, there is a depositional transition from Price River 
to North Horn at the east in the Wasatch Plateau. At present, evidence has been 
found for this movement only in the-Gunnison Plateau. Beyond the limits of the 
mapped area in the western part of the Gunnison Plateau, Hardy found a low 
angular relation between the Price River and the North Horn. West of the divide 
from Wales Canyon there appears to be a disconformity with some relief between 
the two formations. The unconformity at the base of the North Horn(?) in the 
Canyon Range, west of the Gunnison Plateau (Christiansen, 1952, p. 727) may 
be of this age. In addition, it seems likely that much of the deformation attributed 
to "Late Cretaceous-early Eocene" movement is of this age. 
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LITHOLOGIC FACTORS AFFECTING PROSPECTS FOR EARLY 
PALEOZOIC OIL AND GAS IN WEST VIRGINIAi 
O. L. HAUGHTY 
Morgantown, West Virginia 
The accumulation of oil and gas in limited parts of the earth's crust is con-
trolled by two main groups of factors—structural and lithologic. Of these, 
the lithologic, in a broad sense, is the more important. Structure refers to the 
attitudes and spatial relations, that is, to the geometry, of the rocks concerned. 
But the lithologic factors include matters of porosity, permeability, and composi-
tion; hence, involve the question of the presence or absence of reservoir and source 
beds. It has become very clear that here in the Appalachian region, lithology is 
considerably more important than structure as a factor in determining localiza-
tion of commercial amounts of oil and gas. In fact, both have been found in areas 
almost without structure, where the "anticlines" and "synclines" are of the vagu-
est description and have no evident effect on the areas of accumulation. On the 
other hand, neither gas nor oil has ever been found in the absence of adequate 
source and reservoir beds. This paper therefore deals exclusively with lithologic 
' Presented at the annual fall meeting of the Appalachian Geological Society, Charleston, West 
Virginia, October 23, 1952. Manuscript received, November 14, 1952. Published by permission of 
Paul H. Price, State geologist of West Virginia. 
* Petroleum geologist, West Virginia Geological Survey. 
